The involvement of the proximal limbs results in large rotatory excursions. These violent dyskinesias can be extremely disabling and often are incompatible with any normal motor performance. The prognosis of hemiballism is variable. 15, 23, 25, 27, 28, 35, 57, 58 Although the condition may follow a benign course in most patients, resolving spontaneously or improving with a regimen of dopamine antagonist therapy, there have been descriptions of patients with an unfavorable outcome, which may even result in death from progressive exhaustion and cardiac failure. 35, 58 Cases with persistent hemiballism lasting several months to years are well recognized. 31 Muenter 37 reported that in six of 29 patients seen at the Mayo Clinic, hemiballism persisted despite treatment with a variety of drugs. Various surgical approaches have been used for the relief of the hyperkinesia in such instances. 7, 28, 35, 36, 53 Functional stereotactic surgery has been used as a treatment in a limited number of patients to relieve this incapacitating movement disorder. Although hemiballism was one of the first conditions treated with stereotactic surgery, 52, 53 only limited data on postoperative results are available, due to the rarity of this movement disorder. In earlier reports hemiballism was generally described as responding favorably to stereotactic lesions placed in the contralateral ventrolateral thalamic nuclei 18, 24, 34, 41, 59 or the pallidum. 4, 12, 18, 19, 47, 55, 56, 59 Only a few of these studies, however, provided details on the movement disorder itself and on postoperative findings. Along with the renewed interest in functional stereotactic surgery as a treatment for movement disorders, additional cases have been recently reported. 11, 32, 51, 54 However, there is no previous study in which the symptomatic and functional improvement was investigated in a larger series over a long-term period. In this report, we review our experience with stereotactic surgery involving the zona incerta and the basal ventrolateral (oroventral) thalamus. The study follows a series of 14 selected patients with hemiballism who underwent operation over a span of 25 years.
Clinical Material and Methods

Patient Population and Selection
Approximately 5400 functional stereotactic operations were performed in the Departments of Neurosurgery and Stereotaxy in Freiburg over the period from 1952 to 1990. For the purposes of the present study, patients with hemiballism operated on earlier than 1965 were not included because their clinical records were only partially available and it was not possible to obtain recent followup examinations. Summarized data on this early group of patients have been published elsewhere. 41 Between 1965 and 1990 14 patients were identified who underwent functional stereotactic operations for hemiballism. In these patients the diagnosis of hemiballism was reconfirmed on the basis of a reevaluation of film recordings and clinical reports. One patient was operated on before 1970, eight patients between 1971 and 1980, and the remaining five between 1981 and 1990 . Two children with bilateral ballism reported earlier 29 were not included in the present study because the stereotactic interventions used in those cases had to face different problems.
Functional stereotactic surgery was indicated when the hemiballistic movement disorder was disabling, refractory to medical therapy, and had not shown significant spontaneous improvement. In general, the operation was performed only after 6 months had passed from the onset of the movement disorder. Three exceptional patients, however, underwent earlier stereotactic surgical treatment. Two patients with severe and completely incapacitating movement disorders were operated on 2 months after onset and one patient with a malignant metastatic carcinoma within 4 months. One patient had a 19-year history of a persisting ballistic movement disorder by the time he underwent surgery. The mean preoperative duration of hemiballism in the other patients was 18 months (range 6-59 months).
There were nine female and five male patients ( Table  1) . The mean age at the time of surgery for hemiballism was 55 years (range 15-77 years). In eight patients the movement disorder was causally linked to stroke, whereas in the other six patients it was secondary to various other causes. The clinical and neuroradiological data obtained from patients with ballism not related to vascular disease are reported elsewhere in more detail. 27 The mean age at operation differed significantly for patients with vascular hemiballism (63 years, range 45-77 years) compared with those with hemiballism secondary to other causes (43 years, range 15-65 years; p Ͻ 0.05).
Surgical Procedure
The steps of the operation and the stereotactic procedures have been described in detail previously. 21, 22, 30, 39, 40, 42, 45 The stereotactic system, which was designed by Riechert and Mundinger and modified to be computercompatible (originally manufactured by F. L. Fischer, Freiburg, now made by Leibinger, Freiburg, Germany) was used for all interventions. 5, 6, 45, 46 The operation generally was performed after local anesthesia had been induced in the patient. The fixation of the stereotactic headframe in two patients with extremely violent hyperkinesias, however, required a short period of general barbiturate narcosis. In five cases a preoperative course of benzodiazepines was administered. All patients were awake and cooperative during electrical stimulation at the target and throughout the lesioning procedure. The principles of the operative technique will be summarized briefly. After fixation of the head ring, positivecontrast ventriculography was performed to ascertain individual calculations of the reference lines. The foramen of Monro-posterior commissure (FM-PC) line was used as the sagittal reference line. The coordinates of the target points were determined with the assistance of computerresident brain models considering individual compensation factors after correcting for distortion of x-radiation. The most common location of the precalculated target used to reach the zona incerta with the chord electrode (see below) was 15 mm behind the foramen of Monro (y coordinate), 5 mm ventral with respect to the FM-PC base line (z coordinate), and 8 mm lateral to the wall of the third ventricle (x coordinate). This location was used in seven patients. In six other patients the coordinates varied from 12 to 16 mm (y coordinate), 4 to 5 mm (z coordinate), and 7 to 9 mm (x coordinate). The caudal zona incerta was reached via an indirect approach using the movable tip of a specially designed electrode, the chord electrode, to obviate repeated puncture. The application of the chord electrode to reach the zona incerta in functional stereotactic surgery for movement disorders has been outlined elsewhere. 30, 38, 39 The central cannula of the chord electrode was guided upward to the target with an angle of 65˚ to 75˚. The position of the tip of the electrode in relation to the FM-PC line was checked with intraoperative biplanar x-ray film in 14 of 15 instances. The position was corrected in three cases: a deviation of 2 mm was found in two cases with a subthalamic target and a deviation of 4 mm in one case with a medial pallidal target. The 0.6-mmdiameter chord electrode was protruded at a rostrally open angle of approximately 70˚ perpendicular to the central sheath in a semicircle extending 6 to 7 mm, in a caudal direction with a medial angle of 0˚ to 10˚. Electrical stimulation using stimuli of 3 to 18 V at frequencies from 1 to 100 Hz was performed at the target site. The stimulation was performed using a 1.1-mm-diameter electrode in three instances and with the protruded chord electrode in 10 cases. Evoked responses that were recorded included thresholds for motor responses arising from the spread of the current to the internal capsule, for paresthesias from spread of the current to the sensory thalamus, for other motor and vegetative responses, and for modification of the movement disorder. Lesions were made along the protruded chord using 80 to 120 mA at 15 to 25 V for 15 to 25 seconds. Each lesion was enlarged after changing the medial angle and after withdrawal of the electrode above the target. Further lesions were created using a 1.1-mmdiameter, 3-mm bare-tip electrode and a 2-mm-diameter electrode emitting 80 to 140 mA for 15 to 30 seconds 2 to 4 mm above the target in the base of the nucleus ventrooralis. The total number of lesions depended on the amount of intraoperative reduction of the movement disorder. Lesions were created using a temperature regulated at 70˚C. Figure 1 shows a diagram of the location of the combined lesion with respect to anatomical relationships.
Clinical Assessment and Postoperative Evaluation
Routine assessment included a neurological examination and cinematographic documentation of the movement disorder preoperatively; immediately postoperatively; and, in the event of further changes, at subsequent followup visits. Computerized tomography (CT) scans have been obtained routinely since 1975. For the present study, recent follow-up reviews were obtained between 1990 and 1994 for all patients still alive. Supplementary information was also collected from the relatives and physicians of deceased patients. No patient was lost to follow-up review.
The preoperative severity of hemiballism and the postoperative severity of residual dyskinesias were graded on a five-point scale. Only patients with frequent/almost continuous or continuous involuntary, large-amplitude movements of the proximal limbs were recognized to have hemiballism preoperatively. To evaluate the postoperative result, however, it was also necessary to introduce grades to measure minor residual hyperkinesia. Therefore, the hemiballism/hemichorea outcome rating score (HORS), consisting of a five-point scale, was introduced to compare the preoperative and postoperative severity of the dyskinesias: 0 = no dyskinesia; 1 = occasional involuntary, small-amplitude jerking movements of proximal limbs and/or choreic movements of distal limbs; 2 = occasional involuntary, large-amplitude movements of proximal limbs and/or frequent/almost continuous involuntary, moderate-amplitude movements of proximal limbs; 3 = frequent/almost continuous involuntary, large-amplitude movements of proximal limbs interrupted by breaks of variable duration; and 4 = continuous involuntary, largeamplitude movements of proximal limbs.
Functional disability was assessed using a modified form of a clinical rating scale for patients with choreatic movement disorders, the Huntington's Disease Activities of Daily Living (HD-ADL) scale. 10, 17 This scale is used to assess specific abilities as well as overall adaptive functioning on the basis of information provided by caregivers who are familiar with the patients' previous and current levels of functional abilities. The modified scale consists of 11 items (four items covering personal care: eating, dressing, interest in personal appearance-hygiene, and compliance with medication regimen; four items for household care: cooking, housekeeping, home maintenance, and home repair; and three items for communication: travel, phone conversation, and written correspondence). The HD-ADL scale scores the severity of impairment with respect to specific function with a fourpoint grading system ranging from 0 = normal to 3 = severely impaired. The maximum possible total score using the modified scale is 33. To account for items for which no information was available, the strategy of prorated values was applied. 10 Then the summed score for each patient was expressed as the percent of maximum disability.
Results
Clinical Features
Hemiballism was the predominant and most disabling symptom in all patients at the time of surgery. Seven patients had right-sided and seven had left-sided ballistic hyperkinesias (Table 1 ). In 10 of 11 patients who had hemiballism involving both the upper and lower extremity, the arm was more affected than the leg. In two patients the movement disorder was restricted to the arm, and in one to the leg only. Other movement disorders were present in nine of 14 patients. Most of those patients (seven of nine) had concomitant hemichorea. A mild hemiparesis ipsilateral to the affected side was evident in six of eight patients who had suffered a stroke. The severity of ballism was rated as HORS Grade 4 in seven patients and as Grade 3 in the remaining seven (Table 2) . Preoperative CT and/or magnetic resonance (MR) images were obtained in 11 of 14 patients. A lesion involving the contralateral subthalamic nucleus was identified in six of those 11 patients. Two of three patients operated on before the advent of CT had undergone stereotactic surgery for tremor with targets in the zona incerta. The mean preoperative value for functional disability on the modified HD-ADL scale was 83% (range 37%-94%). The severity of the movement disorder did not necessarily parallel the impairment of functional ability. The patient in Case 14, for instance, a 21-year-old man with a 19-year history of hemiballism, had adapted far better to the movement disorder than any other patient. The mean HD-ADL score was 79% for patients with HORS Grade 3 and 87% for those with HORS Grade 4. All patients had received medical therapy in an attempt to relieve the movement disorder prior to surgery. Drug therapy included a course of haloperidol in nine cases, with dosages ranging from 5 to 30 mg per day. This had rendered slight, but insufficient, improvement in three patients. Six patients underwent a trial of tiapride with daily dosages up to 800 mg, which rendered some improvement in two instances. Limited benefit also had been achieved after medication regimens using valproate, perphenazine, and flunitrazepam in one case each, respectively.
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Side Effects
Stereotactic Operations
The 14 patients underwent a total of 15 operations to relieve the ballistic hyperkinesias (Table 2) . A combined lesion of the contralateral zona incerta and the base of the ventrolateral thalamus (corresponding to Voa and Vop in the nomenclature of Hassler, et al. 21 ) was the primary target in 13 patients. The medial pallidum was selected in two patients. It was the primary target in Case 9, in which the patient had previously undergone stereotactic surgery of the zona incerta for essential tremor. It was also selected at the time of the third functional stereotactic operation in Case 10. This patient had initially undergone stereotactic surgery in the zona incerta for severe posttraumatic tremor and had developed persistent postoperative hemiballism. He then underwent a second operation targeted to the zona incerta and the ventrolateral thalamus, to relieve hemiballism, which, however, did not render a favorable result.
Electrical Stimulation. Electrical stimulation at the subthalamic target side elicited various motor, sensory, and vegetative responses. Clonic muscle contractions of the contralateral arm or leg were seen in nine patients with a stimulation frequency of 1 to 4 Hz, at a threshold from 8 to 14 V in seven instances and at a threshold of less than 4 V in two. Tetanic muscle contractions in response to 50 Hz at a threshold of 6 V were observed twice. Blinking was evoked in four patients with 1 to 50 Hz at a threshold from 4 to 18 V. Counting was interrupted in three patients with a stimulation frequency of 50 Hz at 6 to 10 V. Increased dysarthria was provoked in the patient in Case 10 with 25 Hz at 2 V. A "setzeffect" with temporary suppression of the movement disorder was noted twice. The movement disorder was modified by stimulation in nine instances. The hyperkinesias decreased during stimulation in four patients with 1 to 50 Hz at a threshold from 4 to 8 V. They increased in three other patients in response to 50 Hz at 3 to 10 V. Interestingly, in two of these three patients stimulation was performed using the 1.1-mm-diameter electrode and not the chord electrode. A dual response was seen in two other cases; the hyperkinesias that were decreased with 1 to 4 Hz nevertheless were driven with 50 Hz at thresholds from 5 to 9 V. Contralateral paresthesias were evoked three times with 4 to 50 Hz at a threshold from 5 to 18 V. Facial flushing was elicited in five instances (50 Hz at 4-5 V), mydriasis in six instances (50 Hz at 5-8 V), and anxiety in four instances (50 Hz at 4-8 V).
Application and Corroboration of the Lesion.
The intended target for the lesion at the subthalamic target site was modified in seven patients: in three cases after viewing the radiographic control image and in four cases because of the results of the stimulation (clonic muscle contractions or paresthesias at a threshold of less than 6 V in three cases and deterioration of dysarthria in one case). The total volume of the lesion was composed of three to six lesions at different sites along the electrode trajectory in the individual patients: four patients had three lesions, five had four lesions, three had five lesions, and one had six lesions. There was no correlation between the number of lesions and the degree of residual hyperkinesia or the occurrence of side effects. Ten patients underwent CT examinations. In six patients scans were obtained within 4 weeks postoperatively. In two of those six and in four other patients CT scans were obtained later, between 3 months and 6 years postoperatively. The location of the lesion in the basal ventrolateral thalamus and the subthalamic region was confirmed in all patients.
Immediate Postoperative Results
Within the immediate postoperative period ( Table 2 ) the hemiballistic hyperkinesias were abolished or considerably improved in 13 (93%) of the 14 patients. Six patients (43%) were completely free of any dyskinesias, five patients (36%) had residual choreic hyperkinesias and/or occasional jerks of the proximal limbs corresponding to HORS Grade 1, and two (14%) had dyskinesias evaluated as HORS Grade 2. The hemiballism experienced by the patient in Case 10 was improved only slightly after the first operation for hemiballism; that patient still suffered from frequent involuntary large-amplitude movements of the upper and lower extremities. With the exception of this patient, all patients improved by two or more HORS grades: six patients (43%) by two grades, four patients (29%) by three grades, and three patients (21%) by four grades. There was no association between the extent of the improvement and the preoperative HORS grade. Furthermore, the preoperative duration of the movement disorder did not correlate with the degree of improvement.
Side effects were observed in seven (50%) of the 14 patients during the immediate postoperative phase. Contralateral weakness or worsening of preexisting contralateral hemiparesis was found in four patients (29%), whereas two patients (14%) suffered from lateropulsion on walking. Confusion was noted in two other patients (14%) and dysarthria was evident in one patient (7%).
Long-Term Results
Long-term follow-up review (Table 2) lasting 3 years or more was available in 13 (93%) of the 14 patients. The mean duration of the long-term follow-up was 11 years (range 3-27 years). The patient in Case 12, a 65-year-old woman, died 3 months after undergoing stereotactic operation because of progression of a metastatic breast carcinoma. Nine of the 14 patients were still alive when the present study was conducted. Five patients had died from causes not related to surgery within 3 months to 16 years after the operation.
Hemiballism. With the exception of one patient (Case 11), persistent improvement of the ballistic movement disorder was found in all patients for whom long-term follow up was available (12 of 13). The patient in Case 11 had been operated on at the age of 59 years for ballism of the leg, which had developed after severe head trauma was complicated by sepsis. After undergoing functional stereotactic surgery, the patient was free of any abnormal movements for several months. He then developed hemiballism involving both upper and lower extremities. During a follow-up visit 3 years after surgical intervention, several features of the patient's hyperkinesia suggested a "probable" psychogenic movement disorder (according to the criteria of Fahn and Williams 16 ). Seven (54%) of 13 patients had no long-term choreic or ballistic hyperkinesias, four (31%) had residual HORS Grade 1 hyperkinesias, and one (8%) had HORS Grade 2 (8%) hyperkinesias. Two of the patients with HORS Grade 1 had choreic hyperkinesias only, one had occasional mild twitching of the upper arm, and one patient suffered from both conditions. All patients who had residual choreic movements had presented with hemiballism as well as with hemichorea preoperatively.
When compared to early postoperative findings, the results at long-term follow-up review were unchanged in four patients. In five patients residual hyperkinesias had improved further within 1 to 5 years postoperatively and were absent on the last follow-up examination. However, three patients who had no residual movement disorder immediately postoperatively exhibited HORS Grade 1 hyperkinesia at their long-term follow-up examination. These changes in residual movement disorders were not associated with the presence or absence of postoperative weakness.
Side Effects and Morbidity. Persistent morbidity, most likely related to the stereotactic operation, was found in three (23%) of 13 patients. One patient exhibited a mild hemiparesis and two developed a mild action-induced focal dystonia of the arm that previously had been affected by hemiballism after a delay of several months.
Functional Outcome. Improvements in the functional performance of the patients were striking. The mean value of functional disability as assessed by the modified HD-ADL scale improved from 83% (range 37%-94%) preoperatively to 30% (range 6%-85%) at long-term evaluation (p Ͻ 0.001). Functional performance was improved in all patients except the one in Case 11 who had a "probable" psychogenic postoperative movement disorder. Furthermore, no significant functional improvement was achieved in the patient in Case 10, who had suffered a severe head trauma at the age of 6 years and in whom preoperative hemidystonia had deteriorated in the further course. The persistent residual functional disability in the older patients, particularly those who presented with hemiballism secondary to stroke, was related predominantly to diabetes, arterial hypertension, and cardiovascular disease.
Discussion
Although one of the rarest movement disorders, 35 ,50 the occurrence of hemiballism has stimulated clinical as well as experimental neurophysiological and neuroanatomical research, which has contributed significantly to our current understanding of the functional organization of the basal ganglia.
1,2 Particularly, investigations in animal models of the pathophysiology of hemiballism and hemichorea have provided new insights into the functional segregation of striatal output pathways. 13, 14 Hemiballism and hemichorea are differentiated by both qualitative and quantitative criteria. 35 Nevertheless, clinical observations and experimental data indicate that these two entities are part of a spectrum of hyperkinetic movement disorders. 13, 15, 26 
Pathophysiology of Hemiballism
According to the current neurobiological model of basal ganglia function, hemiballism may be explained as a consequence of decreased activity of the medial pallidum. 1 The activity of the neurons of the medial pallidum is under the control of two segregated parallel striopallidal pathways, a direct inhibitory input from the striatum and an indirect excitatory input via the lateral pallidum and the subthalamic nucleus.
14 Although various structural lesions of the basal ganglia have been shown to be associated with hemiballism, lesions of the subthalamic nucleus, as well as of its afferent pathways from the lateral pallidum and its efferent pathways to the medial pallidum, seem to play a critical role in the induction of this movement disorder. 1, 13, 27 Experimental data have confirmed that the subthalamopallidal projection is excitatory and is probably glutaminergic.
1,14 Subthalamic lesions may thus reduce excitatory subthalamic outflow resulting in a decreased activity of the medial pallidum. Because the pallidothalamic pathway is inhibitory, hypoactivity of the medial pallidum will result in an increased drive of thalamocortical pathways projecting from the ventrolateral thalamus to the premotor cortex. 14 
Functional Stereotactic Surgery for Hemiballism
Hemiballism can be treated effectively by functional stereotactic surgery, as demonstrated by the results of the present study and as shown by previous cases. Functional stereotactic surgery for hemiballism was first described in 1950 by Talairach, et al. 53 Since then, its use as a treatment for hemiballism has been reported in a total of 44 patients (Table 3) . 4, 11, 12, 18, 19, 24, 32, 34, 41, 47, [51] [52] [53] [54] [55] [56] 59 Four series published in the 1960s and 1970s focused on a total of 26 patients; however, these have provided only summarized data on symptomatic outcome and have not commented on functional disability. 12, 24, 41, 59 Detailed information on the patients' postoperative course and on morbidity is available only from case reports and case series. Comparative evaluation of the data reported so far is limited for several reasons. There appears to be no universal agreement among different investigators on what concisely defines the clinical picture of hemiballism. 26 This renders it impossible to confirm the diagnosis in several cases reported previously, particularly in patients with severe posttraumatic movement disorders. Severe kinetic tremors with irregular jerks have occasionally been said to remind some of hemiballism. 8 With respect to the localization of the stereotactic target, it has to be noted that a variety of different methods were applied. The accuracy for placement of the stereotactic lesion during the earliest period of stereotactic surgery is not comparable to the precision achieved in subsequent years. In addition there has been considerable variation in the technique applied to create the stereotactic lesion.
Overall, immediate postoperative improvement or abolition of hemiballism was achieved in 25 (93%) of 26 patients reported previously. This figure appears to be similar to the proportion of patients (93%) who improved considerably in the present study. In several patients reported earlier, however, hemiballism improved only at the cost of hemiparesis secondary to the stereotactic procedure. 53, 56 In some of the earlier reports, it remains unclear as to whether postoperative weakness was present and, if so, to what degree. The intentional placement of stereotactic lesions in the internal capsule was a common practice in the first period of functional stereotactic surgery. 4, 53, 59 In some instances hemiballistic hyperkinesias recurred, at least partially, on improvement of the postoperative hemiparesis, 53, 56 and several patients underwent reoperation within weeks after their first surgery. 18, 47, 59 The results of our study clearly demonstrate that postoperative improvement or abolition of hemiballism should be achieved without the appearance of postoperative weakness.
The frequency of side effects and persistent postoperative morbidity cannot be determined from the data reported previously in the literature. Our data do not confirm the assumptions of Cooper, 12 who stated that the risk of thalamic surgery appears to be greater in severe cases of hemiballism. When compared to the frequency of side effects in patients with severe posttraumatic kinetic tremor undergoing operation using the same method, 30 it becomes evident that the occurrence of immediate (50% vs. 71%), as well as of persistent (23% vs. 38%), postoperative morbidity in fact is much lower. Furthermore, in all three instances specified in the present series, persistent morbidity was mild and did not interfere significantly with functional abilities.
Follow-up periods lasting more than 1 year have rarely been described. Mundinger, et al., 41 summarized longterm follow-up data from an early series of patients operated on for hemiballism between 1950 and 1968. Seven of 11 cases were found to show persistent symptomatic improvement: in four patients the results were considered "good" and in three, "fair to medium." The increased proportion of long-term improvement in the present study may reflect, at least partially, the change in the choice of the target made in the early and mid-1960s when the ventrolateral thalamus and the zona incerta were introduced as stereotactic targets in routine clinical procedures.
Current models of the functional organization of the basal ganglia remain inadequate to explain various effects of functional stereotactic surgery on movement disorders. 33 It is remarkable that such a variety of stereotactic lesions have been described as effective in abating hemiballism. In several instances the pallidum was chosen as the stereotactic target. Different locations of the target within the pallidum were described. Talairach, et al., 53 aimed at anterior portions of the pallidum, whereas Andy 4 and Cooper 12 targeted the medial pallidum and Tsubokawa and Moriyasu 55 the lateral pallidum. Tsubokawa and coworkers 54 recently hypothesized that lesions in the lateral pallidum should be useful, particularly in controlling hemiballism secondary to lesions not involving the subthalamic nucleus, which under such circumstances might be overinhibited due to disinhibition of the lateral pallidum. It is obviously more difficult to explain the effect on lesions of the medial pallidum. However, it is conceivable that such lesions interrupt pathological patterns of neuronal activity and restore an altered balance of the pallidothalamic output. Stereotactic lesions in the thalamus presumably act by reducing excessive thalamocortical drive. Most lesions described include portions of the oroventral part of the ventrolateral thalamus according to the nomenclature of Hassler, et al. 21 In the present series stereotactic lesions of the zona incerta were combined with lesions in the base of the oroventral (Voa and Vop) 21 thalamus. This combination of targets resulted in long-lasting clinical improvement in the movement disorder. The rationale to adopt the zona incer- * AL = ansa lenticularis; chem = injection of toxin; CP = caudate and putamen; cryo = cooling via inserted probe; EC = electrocoagulation; IC = internal capsule; mech = mechanical lesion; NA = not available; pall (med, lat) = pallidum (medial, lateral); SN = substantia nigra; SR = subthalamic region; stim = chronic stimulation via implanted electrode; VIM = ventralis intermedius thalami; VL = ventrolateral thalamus; ZI = zona incerta.
† Series includes cases from Gioino, et al. ‡ Summarized data; no detailed information provided.
ta as a target in functional stereotactic surgery has been outlined elsewhere. 30, 38, 39 The functional role of the zona incerta and its afferent and efferent connections 43, 48, 49 are only poorly understood in humans. Within this context it has to be considered that stereotactic lesions of the zona incerta will also affect afferent thalamic pathways located in Forel's field H 1 and, to a lesser extent, in the fields H and H 2 . 20, 21, 44 The projections from the medial pallidum to the ventrolateral thalamus are mediated via the lenticular fasciculus, which passes through field H 2 and via the ansa lenticularis. Both pathways merge in Forel's field H and pass through field H 1 between the zona incerta and the basal thalamus rostrally and laterally in the thalamic fasciculus.
Positive-contrast ventriculography is invasive and is not well tolerated by some patients. Its use is advantageous, however, in patients with structural periventricular lesions and marked disproportional ventricular enlargement. Furthermore, this procedure offers easy access for intraoperative control of the position of the electrode tip in regions, unlike the medial pallidum, in which an unequivocal fingerprint according to neurophysiological data is not known. We agree that positive-contrast ventriculography is not necessary nowadays in the majority of functional stereotactic procedures and may be replaced by stereotactic CT or MR imaging. 
Conclusions
In our experience, functional stereotactic surgery is indicated in a subset of patients presenting with persisting hemiballism that is refractory to medical treatment. Surgery should not be considered until 6 months after the onset of hemiballism because it is well known that this disorder may resolve spontaneously. 25, 37 Medical therapy should routinely include a course of dopamine antagonist therapy.
In selected cases hemiballism can be treated effectively with functional stereotactic surgery, yielding excellent symptomatic and functional outcomes.
